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larger. ‘lIK sum of the tbwc ]~ compo IKxlt 2Wlrlil]

])ane.1.  It call I)c noted that ttlcsc.  lnrgc v:lliancc.s

\Llriaticcs is sllowll in tbc lwxt 10 bot[oln

a]c prc.srllt  J)l’il  Iltll”ily  in t h i s  f:lst StlCalll
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Comprcssioll  r e g i o n . ‘1’])c’rc  is a gCIICI:Il a[-)SCIICL’. of~lllctuations  ill [hc r(’gion Imtwccn t h e  first

discontinuity and 11](:  II;, consis(e,l]l  with the scllclll:lticof};iglllc 1.

(lIlc. c) f[llL?]]Ic)s[ coI-ilI~]OIl” tt}.s[s  l’()]tl]t:A  lf~~d[]icity(J l’firl(l iluctua(iol].<  is [llccorlcl~itio[  ]bct~~~t;cll

solarwind  vclocityan(l  1}. fli~llcor]cl;lliollco(  liicic]lts” atz,cro la?, IIavcbccn usui to in(licntcd

tl]c Alfvd]~i~:  ]]:lt[lrc  of tl~cfll]ctl]:][ic)]ls  (l]~:lcllc]:ll~(ll>:l~~is,  19”/l),:]])(ltl]csigl]oftl]ccorlcl:~tio]l”

cmfficicnt  forthc direction of pro]mgati(m. ‘1’hc rcsu]ls of lhc cross correlation anfilyscs of the

V and ii c[)llll;ollcllts  a]L:i]ldic:l(e(l  by lhc:,ray-scale l)lotsat  the top of I;igurc3.  Correlation

cocfficictltsf o]”all”  three S11 co]l]l)()]~c[lts: l]ci]l(iic:it~:(l, \vitll  thc(la]kt:st  sl~;[(li]lg collcspo~]cli~lg  to

a *I .() cor]e,lation  at zero lag ~ 20 min., and whi LC (orl”e.s~>o]~(lil~:  to zero correlation. “l”hc

corrcla(ions were ~al~llli]t(:(l  over 4-})our intervals. Note the high ICVC1 of Alfvt5n  fluctuations in

the pos(-l<S (high-speed s(rcam) region. By cxamininp  the gray scale results at the top, wc find

that this region has tbt:  hip,]]cst  Alfv6nicity  (hig,hcs~  COI Jclatio]l cocf[]cicl~ts -().8). ‘1’hcse, wawx

arc propagating ou(war(l  from the SLln (not shown), CVCD at these. lar{:e  distances (4.5 AlJ). ‘I”hc

Al fvt$nicity  of the region be.twcen  the II; and 1{S is, I] OWCVC], 1(:ss Ihan (1](..  high-sped stream

proper. ‘1’INJ co]rcl:]tion” cocfficicllls  arc typically -0.4- ().6.

‘1’hc mag]lctic  field strcngll]  within tilt; ~1 R is l;lrgcr th;lll  either lllc Iligh-speed stream proper or

the unshockcd  slow sped stream. ‘]’bus, t[) Corllpam  WilVC  amI)litu(lcs in different regions  Of thC

interplanetary medium, normfili~ation  is necessary. ‘1 ‘he variances have been normalized by

divi(iing  by 11112 and the results  arc,  slIown  in };igure 4. ‘l-hc n~I.jI]iilid  20-min.  variance S}1

components am given in the top three panels. ‘1’llcscv~iltlcsc:lll  bc used tocomparc  thcrclativc

wave power Within thC C]]< to thoSC ill th(!  hi@- Sp(!Cd S[lf’.all]  JJI’()])L:l’. l,oligCl”C lllr:ltiOIl  variaIiccs

have been cxnmind,  and similar rcsu]ts have be.cn obtained.

I;igurc4  sl~owstllc  ]~{)rl]]tlliz,c(l  variances forthc. cvc.nt in J;igure.3. l)lottc(lin  this fashion, it is

now noted that the l]ormalimx] variances within the hii!  h-speed sLrc:IIn ~)ropcr ( beyond the RS)

are comparable to the. normalid  variances within the. (:11<. “1’bus, it ap]mars that the transverse

fluctuations within the trai]ilig  portion of tllc ~11{ is co]]siste])t with

(amp]ificd)  Alfv&~ic  turbulence.

‘1’here is a local  peak in normalid  variances a( an(l nc; Ir the Ic~’(*1  sc shock.

being comprcssc(i

“1’his  is most easily

])ok(i in thC ~N2/11)[2 an(i ~-I.2/l~~i2 panC]s. ‘1’his a(i(iitionai  power cannot bc (iuc to shock

comiwcssion  alone.
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'l`l~c. il~sctL  of I~igt~rc 4sll(>~vs  tilcti~:l~l  l~~~igI~iLtl(lc.  il~lligl)ertil~~c:  risulution.  Als(JsLIpcrI~osc(loIl

tllisarcrcs~lltsfl”olll n]inin)uln  vtlritlllcc:lll~llyses ot’individua]  w~lvccyc]cs  present in the data. 11

k gcnci’a]ly found tha[ CIOSC to [hc 1<S, the. waves arc i]rwpagating  at large, al~glcs  mlativc  to the

am bicn[ magnetic field (-50’” - 90<’). ‘1’his is ill shar[)  contrast will] Al fv&I waves in the high-

SpCCd  SIIIXI  IN J) I”[)J)Cl”, for w h i c h  ang]cs  of J)rx)pagatio]i  arc tyJ)ically  ()[’ - 2 0[’ mJa(ivc to ~~ ( n o t

shown).

l;igurc 5a is high r-csolution  magl~ctic  ficl(i  data from 1650 [o J 706 (J-l’ day 206, 1994. Note that

(hcm am many small Ill I dccrcascs  in the intcrwa  1. All of these. (Ic.crcascs  art not associatc(i  with

any notice.able ficl{i  ang Lllar ch:lngc.s. ‘1’his cll:li;lctt’.l”istic  has Ix’cli Jwevious]y used to i(icntify

nlin’or mode s(mctums in the r~~:~g~lctosl]t;ttths  of Hirlh, .Jupitm’ and Saturn ~1’sumtani  ct al., 1982;

1993). Wc J]avc cxamind  the instability criteria for mirror mode gr~)wtll,  R = (~.1 /~lj)/(1  -I l/~.t ).

]n this cxJJrl~ssion [~ = 8nnkrJ’/}12, and the subscl”iJ>tsl  and II i]l(]icatc. that vaJucs am taken

J)crpcrlclicllltlr:rrlCl  par:lllclvtllllt~s  with mspcc[ tothcambicmt  magr)c[icficld.  ‘I’hisis shownin

the inscrl of I;iguw 4. I~oI. the interval given, R is -().8. GJowth  occurs at Jl > 1.(1, thus the

Strllctul’c.s  shown arc Stable.

“1’hc cntir-c 11; 10 1{S inter-va] has bccm cxamillcd  for mi I ror instability/stability, and wc find that

thci”c  is only cmc clurr  region of J)ositivc nlinor  mode grwwth. ‘J’llis  is near the wvcrsc shock.

‘1’here R is -1.5. ‘1’bus, one. scenario is (Ilat  the source  of fmc C]ICI gy fol mirror  mode Srowth is

(rcvcrw)  shock conlJwcssion  of the high-sJmcd  prwlons. once nlil”l  or sll’ucturcs begin to form],

t h C y  (lCCIGNC  th~ fl”CC  C1lC1”gy  (J)lXrton anisotrwpy)  aVililablC, and bring the wmaindcr  of lhc.

trailing porlion  of the. C31-t  to mar~inal stability (1< = 0.5 to 1 .()).

Rrnc] 5b is the. hoc]ogl”am of the wave shown ill panel a, l’hc. intcrwal is 17(X):51 to 1704:49 I.J’I’,

day 206. ‘J’his wave is just a(iiaccnt (but dots not ov(’r]ap) ~vith [lIC r’niuor mode strwcturv a(

1700:()()”  LJ-l’. “I$hc ficl(l is shown  in nlinimurn variance cmrrdinatcs,  V,rl]cm I;l, B?,, IIf correspond

to the field in the maxililum, intcrmc,diatc  and mirlinlum  variatlcc dircctiorls (Smith and

“1’sur-utani,  1 976). ]n this example, the j~ is out of the plm}c. “J’llus the wave is left-hand
elliptically polariz,c(l, (kl/L2 = 4.7, A2/?q == 1 .2). ‘1’hc anl:lc of pmJ~agation is 13“ dative to ~1.

sLJMh4ARY

WC fincl that thcr.c arc both Jargc field component and nlagnitudc  flurtua[ions withil~ the trailing

half of 01<s, from the, 11; to the 1<S. ‘J’his  is in (iis[inc[ conuast to the leading half of 01<s. Frwm
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V –E cmm.lation

Strcanl proper.

analyses, we find that this former region is less Al fvtnic thatl  in the high-sped

Alt’v6n wave propagation directions within Ihc trailing lJortion of the CIR have been found to be

significantly more oblique  (50” - 90<’) than in the. hi@l-s]xM  strcanl proper. Onc wave case has

been shown to be left-hand elliptical] y polarimi  in ti~c si>acccraf[  fraric.  I Iowcver typical wave

cases have linear or :lrc-pol:ll”iz:ltioil.

The variance analyses have silown that the normalizc(i  component tluc[uations  arc the same both

inside an(i ou(sidc  the ClI<, giving strong weight to tile possibility that the transverse fluctuations

within the trailing portions of CIRS arc simply shock amplificci Alf\4n waves.

Large variances near the 1<S also in(iicatc that wave-wave in(cractio]]s or wave generation arc

possibly occurring at an(i near the. shock. IIowevcr,  [he lack of high resolution plasma data

prccludcs a detailed analysis of potential

Another mode that appears to bc locally

‘his occL]rs  (iuc to the compression of

wave tno(ies at this time.

gcncratccl  at al~d near the RS is min’ot’ mode stmcturcs.

the high-speed strcaln  plaslna, creating the ncccssary

plasma anisotropies  which lcaci to local growth of thr mode (R = 1.5). These structures arc

primarily compressive anci have little or no ficl(i  anjjulat changcx  associated with thcm.

in conclusion, wc find that the normalized variance results arc consistent with the hypothesis that

much of the magnetic field compontmt fluctuations in the trailing portion of the (XR are

Alfvdnic.  lhc direction of the Alfvdn wave propagation appcxtrs to bc altered, perhaps through

refraction as the wave propagates into [hc high ticnsitj’ CIR struclurc. I lowcvcr, other modes,

such as the mirror, arc present as well.  Alfvdn wave-sl)ock interactions may produce even more

modes in ad(iition  to the two ciiscusstxi  above. l’bus, the lack of strong  Alfw%icity  within the

trailing portion of (311s is duc to the prcscncc of two or more wave mocies  intermixc(i with each

other,

Acknowlcdcmcnts: Portions of this work were pcrf(~rmcd at the Jet Propulsion Laboratory,

California ]nstitutc of l’cchnology, Pasadena, un(icr contract with the National Aeronautics and
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Figure Captions

Figure 1. TIIC interaction of a high-speed s[rcom (B) with a slow speed stream (A) and lhc

corotnting  interaction region (CIR) formed (shaded). 1’IIc forward shock (I~S), interface surFacc

(IF). and reverse shock (1<S) arc indicated. ‘I<hc Alfvt$l waves present in the high-speed stream

proper (R) will be cmnpmsscd  as (hey are swept up t~y the expanding reverse shock. Such

amp]ified  waves wi]] bc found in the ~1]< between the l}; and RS.

Figure 2. A CHR at -36” latitude and 4.5 AU from the Sun, The three tmundaries  within [he CHR

arc indicate.d by vertical dashed  lines. The region  of interest, from [he interface (IF) to the

reverse shock (RS) is shaded.

Figure 3. The same (31{ as in I;igurc 2, but with the ]nagnetic  fiel(i  and velocity components

shown. ~’he very large field component fluctuations are quantitativc]y indicated by the large

variances (CJ2),  generally the ltirgest  within the interval shown. The. top panel shows [hc V –B
-.

component correlation coefficients. The high-speed stream region  (10 [JT, day 207 and beyond)

is highly AIfv&lic (c.c. > 0.8), whereas the region between the 1 t; arid 1<S is f~r less so.

Figure 4. ‘l’he magnetic fiel(i component variances normalized by 11]12. The normalized

variances within the high-spcc(i  stream proper (beyond the RS). arc about equal to those in the

trailing portion of the Cl Il. There also arc enhanced variance values at and near the RS. l’he

inserl al the bottom give (1~1) values for Al fw%ic waves within the Cl R. ‘l’he waves am generally

found to be propagating at large angles to fro. ‘1’he anisotmpy factor for mirror mode growth is

shown at the bottom of the insert. The only region  that is unstable (R > 1,()) is at the RS. The

remainder of the region between the IF and 1{S is margillal]y  stable.

Figure  5. Some examples of mirror mode structures  (1(J51 -1655111’, 1700 LJ”l’, 1706-1709 lJ”~).

These arc sharp dips ili IBI with no significant angular c)mngcs. ‘1’he bottom panel is a hodogram

of the wave between the dashed lines shown in th<’ upper panel. “1’hc wave is left-hand

elliptically polarized in the spacecraft frame.
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